especially collagen in cartilage (Jubiz, 1985) . Prl, which is expressed in a different group of specialized cells in the anterior pituitary-the lactotrophs , is responsible for the initiation and maintenance of lactation (Bern and Nicoll, 1968) .
II . The Growth Hormone Gene Family
The GH and Prl genes arose by duplication of a common precursor more than 350 million years ago (Miller and Eberhardt, 1983) , an estimate consistent with the presence of both genes in all vertebrates and the divergence of amphibians from fish some 400 million years ago. While rodents contain a single GH gene , primates contain five tandemly linked GH genes. However, only one of these genes codes for the physiological form of GH, while the other four encode variant GH polypeptides and PLs. Only the authentic GH gene, present at the 5' end of the gene cluster, is expressed in the anterior pituitary. Expression of the four other genes is restricted to the placenta during late pregnancy (Miller and Eberhardt, 1983) . The function of the various PLs is not clear, but they are thought to have a role in lactogenesis, fetal growth, stimulation of the corpus luteum, and to affect carbohydrate and lipid metabolism (Chard, 1979) .
It is evident that all of these hormones function mostly in the control of growth and development through fetal and adult life. Insufficient GH production leads to growth retardation or dwarfism, while its over-production before puberty leads to gigantism and to acromegaly after puberty (Jubiz, 1985) . Insufficient production of Prl causes a failure in lactation. In contrast, over -production of Prl leads to amenorrhea or impotence (Jubiz 1985) . Low levels of PLs seem to correlate with fetal growth retardation (Lee et al. 1980 ) .
Studying the mechanism responsible for the tissue -and cell -type specific expression of these genes is therefore of immediate importance for understanding the physiology and pathology of this group of hormones. Also, as mentioned above, due to recent progress, the GH gene family and its regulation represents and excellent paradigm for understanding the general mechanisms involved in cell -type specific gene expression and differentiation in mammals and its regulation by hormones ; Karin et al. 1990 ).
III. Promoter Structure and Regulation
To date, the individual members of both the human and rat GH gene family were isolated and their complete nucleotide sequences determined (Miller and Eberhardt 1983; Truong et al. 1984; Ogren and Talamantes 1987) . Most importantly, the promoter regions of the two genes expressed in the anterior pituitary, GH and Prl, were subjected to detailed scrutiny ; Nelson et al. 1988) . Comparison of the 5' flanking regions of the rat and human GH genes reveals five blocks of extensive sequence similarity within the first 500bp of DNA. Two of these blocks encompass the TATA box and the binding sites for the pituitary specific transcription factor, GHF-1. Similar comparison between the human and rat Prl 5' flanking regions reveals four blocks of extensive similarity (80-90%) within the first 400bp. On the other hand, only two short blocks of limited sequence similarity (60-70%) are revealed by comparison of the first 400bp of the 5' flanking regions of the human GH and Prl genes ).
In addition to mediating pituitary specific expression, the GH promoter region also contains several other cis elements responsible for modulation of GH transcription in response to hormonal signals. Transcription of both the human and rat GH genes is induced by growth hormone releasing factor (GRF) via a mechanism involving cAMP. However, it has been difficult to dissociate the cis elements responsible for cAMP induction from those responsible for cell-type specific expression (Brent et al. 1988; Dana and Karin 1989; Copp and Samuels 1989) . Two distinct elements within the 5' flanking region and the first intron were found to mediate induction of human GH by glucocorticoids, by serving as binding sites for the glucocorticoid receptor (Slater et al. 1985) . The location of such elements in the rat GH gene has not been determined, however the 5' site is evolutionary conserved between human and rat. In contrast to GRF and glucocorticoids, the response to thyroid hormone is species specific: the rat GH gene is induced while its human counterpart is not.
A thyroid hormone response element was mapped within the 5' flanking region of the rat GH gene. In this case, it appears that binding of the thyroid hormone receptor to DNA may not be sufficient and could require an interaction with an adjacently bound factor (Wright et Brent et al. 1989 ).
V. Pituitary
Development and Differentiation GH is specifically expressed in the somatotrophic cells of the anterior pituitary and no other site of GH synthesis has been detected thus far. The anterior pituitary originates from Rathke' s pouch, a structure which first appears at embryonic day (e.d.) 9.5 of the mouse (timing is different in other mammals) , as an invagination of the oral endoderm. By e.d. 12, Rathke' s pouch detaches from the oral epithelium and becomes an individual structure, initiating a program of rapid cell proliferation (Rugh 1968 The majority of Prl-expressing cells appear to be derived from GH-producing precursors. Complete ablation of somatotrophs by expression of GH -diphtheria toxin and GH-thymidine kinase fusion genes inserted into the germ -line of transgenic mice , also resulted in elimination of most of the lactotrophs (Behringer et al. 1988; Borrelli et al. 1989 ) . However, a small portion of the lactotrophs escaped ablation (Behringer et al. 1988 ) .
These observations support a scheme of lineal relationship between somatotrophs and lactotrophs according to which 80-90% of lactotrophs are direct decendents of somatotrophs, while 10-20% are derived by an independent pathway ) . Despite the common precursor, no Prl expression can be detected until about 1-12 days postnatally in the mouse , while GH -expression is first detected on e.d. 16 (Slabaugh et al. 1982 , Dolle et al. 1990 ) . Thus the two genes are unlikely to be coordinately activated by a single common factor.
V . Identification of a Somatotroph -Specific Transcription Factor
Comparison of the 5' flanking regions of the human and the rat GH genes revealed extensive similarity over the first 500bp of DNA, suggesting the importance of these sequences in controlling GH expression (Miller and Eberhardt , 1983) . Indeed , by transfection of appropriate constructs, we found that the 300bp evolutionary conserved 5' region of the GH gene is sufficient for conferring somatotroph specific expression in cultured cells (Lefevre et al. 1987) . These results were confirmed by others using both transgenic mice (Behringer et al. 1988; Borrelli et al. 1989 ) and pituitary cell lines (West et al. 1987 ) .
The location of protein binding sites within this region was determined by DNaseI footprinting. Although several different protein factors binding to the GH promoter were detected, only one was unique to GH-expressing cells. The restricted distribution of this protein, named Growth Hormone Factor-1 (GHF-1) , immediately suggested that it plays a major role in the pituitary specific expression of the GH gene (Lefevre et al. 1987 ) . 
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) and in vitro (Bodner et al. 1987) . On the other hand, deletion of these elements has no effect on the low basal activity of the GH promoter in transfected HeLa cells or HeLa cell extracts (Bodner and Karin, 1987; Dana and Karin, 1989) . GHF -1 was purified to near homogeneity from extracts of GC cells, a GH -expressing cell line derived from a rat pituitary tumor, and positively identified by elution from SDS -polyacrylamide gels and renaturation as a 33Kd polypeptide (Castrillo et al. 1989 ) .
Most importantly, purified GHF-1 stimulates transcription from the GH promoter when added to extracts of cells, such as HeLa, which do not express GH or GHF-1 (Bodner and Karin, 1987; Castrillo et al. 1989 ) . These findings indicate that, although GHF-1 is a pituitary specific transcription factor, it is capable of interacting with the basic transcriptional machinery in both GH-expressing and nonexpressing cells . In fact, this was the first demonstration that a cell-type specific transcription factor isolated from one cell type can be added to an extract of heterologous cell-type and activate transcription. These results demonstrated that cell-type specificity lies within factors recognizing upstream promoter elements and is not determined by the general transcription machinery. It is possible , therefore, that the mere presence or absence of GHF-1 is sufficient to determine whether the GH gene will be expressed or not.
Because of the close evolutionary and developmental relationships between GH and Prl, GHF-1 was examined for its ability to bind to the Prl promoter. Concentrations of GHF-1 which fully protect the low affinity site of the GH promoter, did not result in obvious protection of the Prl promoter (Castrillo et al. 1989) . However, at least one other factor present within the partially purified GC extract , which does not bind to the GHF1-specific affinity column , was found to protect five different sites within the Prl promoter (Castrillo et al. 1989 ) . These sites overlap with sequences that are conserved between the human and rat Prl genes Truong et al. 1984 ) and some of them were shown to be which are essential promoter elements (Nelson et al. 1988) . This Prl specific factor, LSF-1, was purified to homogeneity using a Prl promoter derived binding Antipeptide antibodies generated against this peptide reacted specifically with GHF-1 and confirmed that the sequence of the isolated peptide was correct and that it was indeed derived from GHF-1. Other investigators isolated the same cDNA clone , which was named Pit-1, by screening of an expression library prepared from rat pituitary by a labelled GHF-1 binding site (Ingraham et al. 1988) . Deduction of the GHF-1 amino acid sequence from these cDNAs has identified it as a member of the ever growing family of homedomain proteins. In its C-terminal region , GHF-1 contains a stretch of 60 amino acids which exhibit 73% sequence identity to a consensus homeodomain. The homeodomain is a 60 amino acid long DNA binding domain first detected by its conservation amongst the products of genes involved in determining the morphogenesis of the fruit fly, Drosophila (Gehring, 1987) . At first, the closest relatives of GHF-1 were thought to be the Drosophila proteins encoded by the eve, Prd , and iab -7 genes and the yeast MAT -al protein (Bodner, et al.
1988
) . However, within a short while, the primary structures of three other transcriptional activators which also contain homeodomains, had become available. The homeodomains of these proteins are much more similar (>90%) to the GHF-1 homeodomain. In addition to the homeodomain, these proteins, Oct -1, Oct-2, and unc -86, contain a second highly conserved sequence motif, termed the POU -specific domain, composed of 75 amino acids (Herr et al. 1988) . The identification of two well established mammalian transcription factors, GHF -1 and Oct-2, as homeodomain proteins was an important breakthrough that served to bridge the gap between two separate fields: transcriptional regulation and developmental biology. It provided the first conclusive proof that homeodomain proteins already known to be involved in developmental decisions do indeed function as transcription factors (Robertson, 1988) . interferes with the ability of GHF-1 to activate GH transcription. In addition, it appears that the homeodomain also contains the nuclear transfer signal of GHF-1 (Theill et al. 1989 ) .
Although the involvement of the homeodomain in DNA binding is well established, the role of the POU-specific domain is not very clear. Mutations within the POU -specific domain of Oct-1 were shown to interfere with DNA binding (Sturm and Herr, 1988 However, full expression of these genes probably requires the Prl-specific factor LSF-1 which may not appear until late. This interpretation of the results is consistent with the finding that GHF-1 has much lower affinity to the Prl promoter in comparison to the GH promoter (Castrillo et al. 1989 ).
To learn more about the mechanisms that control expression of GHF-1 itself we have The regulation of GHF-1 expression by cAMP provides an explanation for the regulation of GH expression by this agent. As mentioned above it has been impossible to dissociate the elements responsible for cAMP induction from those required for cell type specific expression. Now it' s clear that this effect on GH expression is mediated via the regulation of GHF-1 expression. Physiological control of GHF-1 expression is likely to be exerted by GH-releasing factor (GRF) and somatostatin, one factor increasing cAMP and GHF-1 and the other decreasing cAMP and GHF-1 (Rivier et al. 1982; Bilezikjian and Vale 1983) . Interestingly, GRF is also a specific mitogen for somatotrophs and thus it is possible that GHF-1 expression also plays a role in the expansion of this lineage. A model illustrating the role of GHF-1 in cell-type specific activation of the GH gene. (a) Prior to e.d. 16, the precursors for the somatotrophs contain most of the factors that can bind to the GH promoter except GHF-1. In the absence of GHF-1, none of these factors is capable of activating the GH promoter. Together with ubiquitous factors that bind to an upstream enhancer element is activates the GH promoter.
(c) The rate of GH transcription can be further increased in response to glucocorticoids acting via the glucocorticoid receptor. This mechanism described above allows a single transcription factor whose abundance is itself regulated in a cell -type specific manner to orchestrate the action of a number of more ubiquitous transcription factors leading to very precise activation of the GH gene only in the appropriate cell type. In addition to having a large synergistic effect on GH transcription, the ubiquitous activators are responsible for modulating its expression in response to various hormonal signals.
Due to the central role played by GHF-1, complete understanding of the pathway specifying the development of GH expressing cells and the entire anterior pituitary will entail the analysis of the mechanisms regulating GHF -1 expression.
